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Project Introduction

Planetary surface exploration on Asteroids, the Moon, Mars and Martian Moons
will require the stabilization of loose, fine, dusty regolith to avoid the effects of
vertical lander rocket plume impingement, to keep abrasive and harmful dust
from getting lofted and for dust free operations. In addition, the same regolith
stabilization process can be used for 3 Dimensional (3D) printing, additive
construction techniques by repeating the 2D stabilization in many vertical
layers. This will allow in-situ construction with regolith so that materials will
not have to be transported from Earth. The goal is to prove the feasibility of
3D printing additive construction using planetary regolith and show structural
integrity and practical applications in space exploration.

Recent work in the NASA Kennedy Space Center (KSC) Surface Systems Office
(NE-S) Swamp Works and at the University of Southern California (USC) under
two NASA Innovative Advanced Concept (NIAC) awards have shown promising
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Future feedstocks will include raw planetary regolith and feedstocks derived
from the regolith such as aluminum, iron, titanium, platinum and magnesium.
The lessons learned from the ISS efforts will be rolled into this technology
development effort and vice versa.

The logistics required to set up a human outpost on another planetary surface
are vast and prohibitively expensive. Space transportation costs are high, so
the corresponding value of In-Situ Resource Utilization (ISRU) to make
structures and spare parts using local materials is also high.

By developing new technologies to transport, position, emplace, bind and from
a net shape with regolith, parts and structures can be built on Asteroids, the
Moon, Mars and other moons so that a robust logistics space mission
architecture will result which means higher reliability and safety.

3D printing is a game changer due to it's efficiency and digital manufacturing
methods which allows electronic computer files to be uploaded from Earth to a
space destination and then structures and parts can be constructed or
fabricated using local resources.

In addition, terrestrial spinoffs are also possible. The state of Hawaii has
expressed interest in using this sustainable technology to build structures and
roads using locally available in-situ volcanic lava basalt as a spin-off
technology to build Hawaiian civil infrastructure such as sidewalks, roads,
bridges, support structures and housing. By avoiding the importation of raw
materials such as asphalt, Portland cement, pavers and bricks, the state of
Hawaii will gain economically and reduce its dependence on good imported
from the mainland. Raw basalt materials from the volcanic Hawaiian islands
could be exported world wide, making Hawaii a net exporter of construction
materials.

Currently houses cost hundreds of thousands of dollars to construct. By using
3D additive construction, it will be possible to reduce the construction cost of
the primary structure by a factor of ten. Affordable housing will result in an
increased standard of living for billions of people worldwide. Rapid
deployment of 3D Additive Construction robots will make it possible to quickly
and efficiently build disaster relief housing using locally available granular
materials such as sand or crushed rock.
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Primary U.S. Work Locations and Key Partners

\

Organizations Performing

Work Role Type Location
L NASA Kennedy Space Center,
ﬁKennedy Space Center(KSC) Lead Organization Center Florida
® et Propulsion SUpfeeRdlile NASA Pasadena, California
Laboratory(JPL) Organization Center
- . Supporting

North A NA I
QinetiQ North America(QNA) Organization ndustry
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